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[0037] The bias magnetic field applying film is not 
limited to the hard magnetic layer 20. As shown in a first 
modification in Fig. 3, for example, the bias magnetic field 
applying film may be a composite film 28 composed of an 
antiferromagnetic film 27 deposited on a ferromagnetic film 
26. The order of the deposition of the ferromagnetic film 
2 6 and the antiferromagnetic film 27 may be inverted. The 
ferromagnetic film 26 is composed of a NiFe alloy or a Co 
alloy. The antiferromagnetic film 27 is composed of a WiMn 
alloy, an FeMn alloy, an IrMn alloy, or a PtMn alloy. Since 
the magnetization of the ferromagnetic film 2 6 is tightly 
pinned by a strong unidirectional exchange coupling bias 
magnetic field from the antiferromagnetic film 27, the 
composite film 28 also functions as a bias magnetic field 
applying film, like the hard magnetic layer 20. 
[0038] Directions of bias magnetic fields are preferably 
perpendicular to each other between the antiferromagnetic 
film 2 7 in the bias magnetic field applying film and the 
antiferromagnetic film 15 in the spin-valve GMR film. For 
example, the antiferromagnetic film 27 and the 
antiferromagnetic film 15 are selected so as to have 
different/ blocking temperatures and are annealed in a 
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magnetic field so that the bias magnetic fields are 
substantially orthogonal. The blocking temperature can be 
changed by material, composition, and deposition condition. 
An example of the annealing conditions in the magnetic field 
is shown as follows: 

[0039] The antif erromagnetic film 27 is composed of an 
IrMn alloy (thickness: 5.5 nm) with a blocking temperature 
of 503 K, and the antif erromagnetic film 15 is composed of a 
PtMn alloy having a blocking temperature of 653 K. These 
are maintained at 523 K for 5 hours in a unidirectional 
magnetic field (several tens of Oe, the direction is 
perpendicular to a medium-opposing face) to pin the 
magnetization of the antif erromagnetic film 15 in the 
direction perpendicular to the medium-opposing face. Next, 
in a cooling step, the direction of the magnetic field is 
rotated by about 90° toward the track width direction at an 
intermediate temperature (up to 513 K) between the blocking 
temperature of the antif erromagnetic film 2 7 and that of the 
antif erromagnetic film 15. The magnetization of the 
ferromagnetic film 26 is thereby pinned in the track width 
direction by the bias magnetic field from the 
antif erromagnetic film 27 during the cooling step. 
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«tt^SJR*>e>4 9, * feS2©5S8tttKl 8*5 

^csigts#i fSrtt5^2 ;aw - (Dm 2 © 

-Y 7 * ifi# ft# K £ ffl jf i" 5 0 




I 

eifE««©£*ffi-tlc* 8&ES«M*»t>ffifc«B*ftfc 
£&a&R, SSl-®3*attR. #a&R. *s.fcifajM* 

*a«ffi8L»*fc^iN»tt£BRfcffi*sass»fc3a* 

6iiBajMfeam©iiS«i*BK:»»**u tu^fit'tt^^jffi^ 

ajW.-5-Rfc. 

X, 

fu£/<^ r*a#tt4Rtt, «fr«ttR*s*tf!*attR 
fcR»attRfc©ffl8Ra*fe3illH5 iat-?a>3::fcfc 
ft&t-taa^ffifii&jftSj*. 

x. ... .... 

lIGEg&a&Rli. 1 rMn£-&, RhMntA, Ru 
Mn^l PdPtMn^, CrMnPt^l Fe 
Mn£&, N i Mn-g-^i3j:U t P,tMn^^^P>3S«H 

[ss*54 j stf^aEfccpaattKa****::^ 

x, 

£ C o F e^4>S>45:i:«;»iit5« 

im^me j i E*«>a*»tfc»***-fc*5v* 

x, 

gyEK&a&Rtl&l ©aaitRfc ©fflfcli, 

a 1£R t US 1 to 8 a &R © * ffl © * £ ft * S tttt 

R A $ Jit V* 5 ^ «r £ i" S 5B^S0t 

x. 

AtlEE&attRiJS 1 ro&8£itRt ©raKtt&teR^if 
A£nxfc!K ^ojBESSl ©8attR£8tiEa&Rt 

to m tc&ft/* y *j§ ass I* t> ^ t £ Kit t 1-3 

IsS^JS 8 ] 1 E«©aa«Sta*3fmc:teVN 

x, ■ 

8uEg 2 <03ftattR_tI-|i«tai4T*y* VR2*?M£ix 
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TV^£ fc'&W«&i-<5a&ffi$t&** : ? L . 

x. 

R®MN3 J: 9 2fe< K££nxv^;i t £4#&£1-£>a5a 
[»*510] S«t, 

ffiiE£&©±&®±£. a&E£««ft*e>Rfc«SSnfc ■ 
R»attRv.«l«>»»ttR. #«ISR*s.fctf»2toai 

io attRt^<c< i *^t?£*a4r.st£3ti;ifcfr;*-*ate£ 
BRt^u *>osaE»2©sftattR^ainftmfflfcW 

v * r sr iff i- 5 m e a jjl & to to © m m & * (bo & # * =ff i- 

lOEm 2 0»«ttR;0«tIEa*»BlSBOS5ttfiS^«a^ 
l5EafltfiStiB!*RK:a«E*3t«i-5— #©aist 

itswfc s:»tt.-fc.-r.6asitta3a**-T. 
20 ta*is.vi:i : oEftoasetfiaa**^ 

*5V^X, 
&V^X, 

ME-*4-T*ajM*^ffittJKaattR^*>SK i-ogiiE 
fittt 2- Ei>K©«;BR-C36>5C:i:Sr#»ii-*aS!i«fit3» 

30 

m^i 3) is^^i iE**>a*uss:a**?-fc 

^v^x, 

S5E^>f T^a#^RH:s ^E®^a^R*fcriME 
a&ai4RtS56attRtcoai^Rxfol?. A»ojKfEy<^ 

r ^ a##^R t ti££ 2 «>3ftattRotitea^ ma 

o^«ga^«as5^t sr^-fr^a^KR^^^iEm 2 
attR^ffiiEa^ftwgeoMiga^ffisa^^a^WR^ 

© 2f&6tJiX*$>5wiSr#ati-5a^SeiLSl*5fl : ? 1 0 
40' *5V^X. 

9i)E^5Sai*RW:. IrMnR RhMn^i&, Ru 
Mn-£&, PdPtMn^, CrMnPt^, Fe 
Mn^l N i Mn-a-^^iUtP t Mn^bStfJl 
5^ft<*t> ia©^«»R3Siatt*tWA^<c5it«r 

5 asisstja**^. 

i s ] n&m 1 4 E«©a^«sta^9S^ k 

i5V^X. 

ISER3ftattR©TffllK: v fccffi £*T-T 5^SKi 5 Ti 

R t Lx^$*it^5^i £&&trsa&£ifi?ifem 

50 3f?^ 0 




ittSEK&attR £ Iff 1 (O SfttftfK i © ffi tta&Rj&sflg 

s&attR, »i oasattK, #attttisj:ut|g2©ak 

fiRfrWi-aaaEffifta*!**. 
Mica^s^sbARoaff-tt'mAiK)i9tt»^fflic«3t r > 

t\ 8&EJ5 2oaattK_h»w-t*L-eHaaSiifc-»6 : 

'<-<r*a#tf^Rt. 

c t «r#* t i-aaftfititja**^-. 

[fg#^2 0] 9E«fe©a$SJStFiasi5(f^K: 
®2(9&a&Rri 2~10nm»<6fflWRff&Jfi'i-3 £ i- £ 

^mti-aa^gm&jftsse^. 

aifEa««St»*Rls±t;85IB/<-f T^aff#^JR±K: 

[!S*£2 2] s&jfc^l 9&«t®a$[&$ta£»?K: 

8iME- IBB Ht v !8!B--af©y*-rT*a##^ 
ROf«B.fc 9&<&££;ftT^3r £ £#8t£i-3iK^ 

[sg*3i2 3] 9£«oa^s«csfr««?ic 

gufe^-r r *ajm-£KttEMattHa» t> * 5 r i £ $# 
&£i-3a^&in;&£$* e 

I»*52 4] TWaSlS/-/VKJgt, 
laCTWafi'V-A' KBifcTiWS&aSl^ 5-/^ 

sEftcaasttajft^^t. 
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I^^^2 5j n*tg2 4fB«©ast^y k 4^1-3 
KEa&^y K©iaeTfflaj*->-^ Kjg£#afc£*i 
+ guiaieea^^-y v7±\z&v hrnt±mm 

aaE»S£^:/ K. 

ta^^2 6] m&mi o i 

10 9E«©a^fiSt^m5ff^i:. 

fflEaafiK»**^<DaftfiKaft*I5K:ffi#«r'EtBi- 

saEasestFiSftAsiE^roaoffiatfA^Jis. atiiEa^g 

[0 0 0 1 ] 

[*w*>*-*-3j*«£!?] *£9m, g^a^sfit^m 

Sr^i-att'MRt^i-saStfiKa^as^i:, 
20 fflv^a&^yh\ «SEftS4^yK*iJHJ!asiEB 

[ 0 0 0 2 ] 

teT«r«5fc»fc, (MR$ 

oofeSo ««-a#fc^c-cafi:iEHgTs»att 
R teibyy-Mtu-r) , #a&R. ssaatt 
30 Ra»b©/<-f 7*a#-cafc#B*s*vfcMateR <« 

g^asifitta^t^i-^t'^/^^Rft'fliv^fc 

[0 0 0 3] ^^^BtfflV^MR^y K-Ctt. 
fc*57^5» V v^-r >^ y^tDMR^y K^ti3(E 

[ 0 0 0 4] g i 2 tc^i-^ fw^^R i riS 
*E3Wa»bH ±5GLfcJ:5fcafls7y-J§4. #attR 

5, aftH*S6tej;i;R»attR7asj(BKi««snr 
ffi^^^^Tv^e 0 «ffa«R2_hK:ri*n-en;* 
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[ 0 0 0 5] 012 I'^i-T/^y b V* >a ^JjjZ 
cOMR-y KTIi. ^IffitiK 2 *>t> <r»<4 T 

fl£&K2Kft£fto-CV^*:i6. K 7 y 9 *>£>©£ 
ft Iff $&(D^£i&^8ia w bi>m<£ So iot, S^^y 

[ 0 0 0 6] *f V^v^K l tcJ-.IBLfcT^ 

* ©*«tt»»#^5>* 5 ¥ * !/ UT a n 

^Oitib, S4*$8*«ltattR2 txtrv^A-T/R 

[0 0 0 7] %2C, xtf^^HlOfittBTftft 

[0 0 0 8 ] $3£« ^fy/WKl^'/^i'^l' 

$jEtJt£5fc»s /^A-^^^-tf-VZ-f X#3fi£l.-W-< 

[0 0 0 9] fSff«ttK2 0Mi«ftH«« 

6 ©M&ff&»«tc8i-*wfc afbE# 
JB 6 t fcRWttH 2 i>^©'M Txttff *JHb5. ^ 

fcMsna^SBMbBfcBeoaffca^ ®ga 

&R2 ©'<>f TX^Ir) (^feTi'^/i^Rl ©Jfc*#fa) 

k:#^tl.*v^ m*a*»ca«-aft#fc»JB£« : aM3 

[0010] ®Sitt^OTttKf^M7 
**#tt^R£v MRRO^y^SPfciMSlJib-CSIfe 
-frfcJiO^/u^/^-gvy-f XfcBt9&< 
* SlcLfcMR^;? Kfc«3fS$nTV^. b*»U *fc 

r £ ?BriE-r ^ t & <o $ s tt # git-*- s * e> f*as fc a * 
[ooii] ttic. sfc£Ufc£ife*S£«:fc3±-c«Ra 

^ ^/K/RWTiSOiftiBttfflfc^fcS* 
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c>|c % R&*ttRTli3fiV^Jft/<.<rx##J»< x 
[0 0 12] 

ia©if****£5£fb. #f?a&R£a<fc:7J> 

a#fc#i-*a#fc»#£«#»feHfc^fc^? * 5 4 
rasas s>5. 

[ooi 3] RftattR^RaattRS©'*^? 
*aiiLtt^Rfc* r^/t^R* Mas itsiftft^ 

20 *s»uv^r 

^ y -< Jif 4 5 ^ RIJH^ *> 5 • 

[0014] £ ^Ki, x ^'y/^v^Rtta^Sgt^ti^ 
(MRAM) f©8SlB16$5BKaffit5^it)tt 

[0015] ^JBBtiwOJ: 54»H(w*rte+5fc»(c 

4*nfc y ^s^^^'^-tf i^y w x 

[0016] 

[SIS -*5!Wtc.33rtSJB 1 ©« 

^^R^ffi^R. ^loata^ ^attR. * it** 

tr, E*aSL«ft»*fr^+*tt#«R«r^*»ft» 
40 ^t^mRi:. KrEaJHftWSSOS«»Ki*ffi**i'* «&E 
a&£J§Rf 1 fl>85&£3Sta&R, 

^attRA^atfns^aR-t^^H-^niHSSi'i.fc- 
»©/Mr^8|iw4Rfc, affffiaftsscasR^M 

[0017] jR2©asnatsa*^5' ^^'S i o 

KS*«*^J(B»;:iffiJi$HfcR»attR. IB 1 ^^*te 
R. *attR33j:i/JB2(OaattR«rf ? 4< t ^^t^^ 
50 ^aftfifiiSlimfr^att^SR^^ i»-olOIB»2 
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ft W ic 48 % i" S SB # X 0 t^Rff * 5 iff EB*# & 

gs 2 ©&tt&R©fflK8jMftffln©i$tttt*{Mftd©Ji 

(0018)13 ©«$l«ft3b:S**HU 1 9 Id 

E«L?t£?fc N «rffi»«©**ifi±K 4 -8{||B- 

R. #*ttR:&J:tfS6 2©&ttttRfc5>jfc< fc ^HbU 

Ri. fifEttft&&&j!^©as#temA©ftttA*tt£ 
3o^T, flfreSS2©3lHfi&KJbK:**^HttJi$Hfc — 
*r©'<-<r*ai#tt#Ri; s l5«E«ft»K3a*R(t«* 
fc^fe-fa -**©&*££ frJUtrs r t Mibt^ 

I0 0 1 9] Ktt»**fi2 4 K:E*L 

KHtH*«2 5 (clE«t Ufc «fc-5 
jLELfc*3BW©a$l^y K?rtt4S^y K 

Ziv1tT®mmt. IGET«a«±K:?gj££fi,fcEflfca 

[0 0 2 0) *&w<om&u&m&.tx, m&m2 gku 
ffiBaa&$i3&£3?©ffi£s&a> 

Jffl©»attR4rEffU StE£llK#«K:a<fc;7!>- 
S*fcS£2©&attRfrMLTV^. ^Ofcft, & 
JMJ^SB©Wtt»*«©»2©aattR«rBfc*LT, A 

ate£SR*©3*«tt«rfi"**J&R©-a$ r a,ffft f Hg B 

I 0 0 2 lj $ g^ffitKti 2©3&a&R£ © 
- iisprigir^tS. JD^.T» afl:B£Jg 1 1£*% 1 ©& 
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ffit4ROSggfSgE£. 'VT*ajm-*R£SM*;**3 
»2oa«teRfc#LT'MT;<«ff«:tf4- 

[0 0 2 2] *&WV>n 2 ©«StiiaS6*^y KlcfcV* 
Tfi. S«WKR3ft«teR*»t,yMT*«##ft;b0£*l. 
TfilftSf ^5^1 ©SftateRfcERU S«ittK 
»fflfca{fc:7 !>*-Bfcjfc*$B2©»ateR4rEttLT^ 

f i>/</u^R©T*Mfr #9 , 

[ 0 0 2 3] *fc, g*2 ©&ateR©8*#$fl&©ffi$ 

&^sb#©ri?*. a^&tasfsj; 9 lt^5„ 
5>*s/^r^«##^R-vnffia^oig*365ffl»^# 

5„ ^it^tcioT, ® 2©&a&R©a#tfetfi£B©i33 

B*ST*>5»l©»«ttR©«fc*fil*5a*"n5ii: 
[0 0 2 4 ] *36«o»3oa«jSJi:a*^y KKisv* 

th. steWKKMiattR^b^^ r^*nL^3iai$n 

rtt^S**Jx5SBl ©3ft«ttRSrEffib, SSittK 
y -St ft5»'2©5ft«ttR«rEBUXV^ 

3. w©fc«>, r^ajm^R©^*-.^^-?* 

f >^A-^R©T»*ai-^E^<t< 4 9. SSffeLfc* 
30 tTV^/uyR#tt^|S5i-C#5. 

10 0 2 51 J£2©&attR©Ri9£&<-t-5r 

T*;S©J8*2&SSm-C* 3. 

ajMfeftft©ffi4Kffi*«&3- 

^©S*2©&affi"R©a'ft:B*Jas£J£{fc£*L. 

«SS47 9V^) ^#3C 5. SfeKi, fflEfb 

@«IT^3S 1 ©tt«ttR©aflS^|ft*gLSiiS * t 

(0 0 2 6 ] 

[ 0 0 2 7 ] g i *5±t/s2 1* % ^?E^©mi©asts 
st m ? ?r s * m tc a ^ u fc a ^ ? 

^E© Yy y?m%$\. y *Ifi|^Eft h ^ y ^ ©itfr^ 

t^r-assttsjtjaiRsff^oRflt^ieiK^iS)' -etes. @2 
50 tt*©g&£i£*LT^-mffi®;k3 0 
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Wpfe^l 0 - 1 2 4 8 2 3, 



10 



[ 0 0 2 8 ] rtLbWEK&V^T, 1 i 9, 
^(Dgfc 1 1 t UX tiA 1 2 03 l«rlt5Al 2 03 

. T i CSfiSStffflVr^ft*. 1 1 ©± 

SEffiJiKlli, N i F e£-&, F e S i A 1 T*/V 
7 7 ^Co Z rNb^Ottatt^^STfflS 
5ELS/-/UFJB1 2*5JBriESftTV*3. T««Sl^-^K 
jf 1 2_btciiA 1 O , *©#«ttl6**fW*»e>4*T« 

[ 0 0 2 9 J GMRK1 4 *«tt#SISri* 0 

jijgissn*., miomm&mi 6, 

7*3i^m2 wfta&ran 8&'>fc< * t>«- 

tt£JgiK«?*>, SBl©3*attffil 6tt*0>Ttofc#j£ 
£nfc&{b@#J§'C;fo5o m2©»fiSteJKl 814 

[ 0 0 3 0 ] mi ©»«ttR 1 fi ©8Mfctt» S&StftR 

*fpj (assies fCM^A) ir.a«i-*rfcis»*L- 
v>„ & 2 ©SHKttR 1 8 ©OtfbHU *a»«J**s*©#16 
^**a h^y? 415^ ffij t~ ifii *C v % <E> C t * iff * Uv> 0 

&R2 0 ^©'W ±EL7t.fc ? 

[0 0 3 1 ] r^&JSM 16,18 (Cti, Co, C 
o F e C o F e B£&, N i F e CcNi 

N i F e Co^*i»IV^h5. 0Ux.tf, 

gEftsp©B&&#j£^***^©»tttt-*ftffl«Kttfr 

^3fc*t£fl, CoFe*OCo^4tllV^:i:if 

$ 1 ©&m&Rl 6 n 0. S-lOnmgSi-fS r i * 
*:3J2(D§&«£ttRl 8tt l-~20nnMfci'3- 

[ 0 0 3 2] 35 1*5*1*95 2 ©SftfiSttRl 6, 18coM 
Kii, Cu, Au, Ag. fci^tit^^i^^ 

tf*J8 15, 16, 17, 18tCJ:oX, ^ir^^/V.^ 
GMRRl 4©S#K3R#»jS**t-t^3. ^IttKl 
7©RJ?ttW*.tf 0. 5-10nnmSi:-r6C b 
V^„ K5$ifc&R 1 5 I' I r Mn£&, R h 
Mn^. RuMn^l PdPtMn^&, CrMn 
P t^ft, FeMn^, NiMn'&l PtMn§4 



[0 0 3 3 ] JilBUfcatt^JBK^bfta^f 
GMRK1 4li, H$2fD?lffittKl 8#{B^ 

tt^2©&a&Rl 8.ttx#l6]©5*!& s 3ra<& h 9s- 
?Hfcfc5* la® by ^^•fS^^^^^^SS^^- 
flSI^^^^Hfc^i: ^HTV^So *©±t% 
y ^ © W *g ®^ flQ © £ » A -t as K: a & £ 1 R I 1 o m S tt 

J^SB 1 ©&&&K1 6 tf 5 $Mf Tfcfc* E&ateR 

1 5 t LT>!imte£#1~ 5 I r M-n^&-t»F e M n 

»*R-?*>oTt>Jt^. 

[ 0 0 3 4 ] SI 2 ©&i8f4R 1 8 £^t-©ij**R«:S£ b 
7 y ^©i5«»*«»#t-*H**X#££*&fc*fc 

©jaxatcii, #««ri 7 l-o^ 0 

[0 0 3 5 ] * U-C, £ t>SB2©&S&ttRl 8^ 

ji^"S*©«HattK2 o^r^amRi 

R2 OJCMW^tJC o P t-g-^, CoNiCr^Sffl 

^rlX^nCu, Au, Zr, Ta<fH45 
-MS2lM$Mfe?l, -©-#©Si£2 1 

-M©S«2 1 ©WPS!t"^©^©^ttR2 0O 

[ 0 0 3 6 ] iJEUt^fV/^GMRRl 4, — # 
40 W®ft«ttJR2 0teJ:^OSS2 ltt, GMRfft 
2 2 £fl$#LT^5. GMR 2 2 JitCfi, 

@ltc^i~J;5t-, TfBHS&a^^ir^y^l 3tH«4 
*ffifti(fe»W^36 1 b^5-t{a3S*a§L^f^^7'2 3£41- 

Ji:5J:««ft->-A' KM 2 4 ii^^$i^X , v^^» 0 ^H?> 

2 53 ! *Sj££nTV^ e 



50 



[ 0 0 3 7 ] /^r^ffi^4R(18EffKttR2 OlcER 
R26 ±('S®SS^R2 7 ltffiSK2 8 $r5g^ 
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t5- t b-5im-?hZ> 0 &&&R2 6 tK3fe&ttR2 7 
toaiffittffi-etJ:^. 6lCttNiFe^ 

o^^^^3ffiv^^,j^a 0 &&B&R 2 7 tctiN 

iMn^l FeMn^; IrMn£-&, P t M n 3* 
©X*^/M7 7«ff|:-J; 9 3S«£ttR2 6 ©«fc# h 

1 0 0 3 8] 'WrX«jm$-R*©£3a8M4R2 7 t 

a#*»&a©*fr©-«fr#Tfc^1\' 
[0 0 3 9) £&m&R2 7 fCM. 7"By*y/aj|p 
503K© I rMn£& (Rff5. 5na) «rfliV> % KSfttt'ttR 1 
5 tCli^a y3r>^&Kz£653K© P tMn^^fflV^ 
5 0 *~*\ -#ffa«J*«M»lOOe , ^IfmHEttjtffeffi 
SiS^rSi) k-TS23x-e 5**ihksu$u KSMBffiRl 5-© 

kl*sv*t, &&amR2 7 tR&a&Ri 5©:/o 
v:/ia&©nra©ia& (-513K) ^ x TO^i^F7y 
frnxfaKfanxmo* 0«e$*^ o -rat. ^ipsgg 

T-£5ta&R2 7©/*>f T*«flfc:J: 9 3ftttteR2 GO 
[ 0 0 4 0] yt- KSS GM R ^ y ]f 2 5 _L lt x ^ 1 
ffi£$Htl^ s iM^y F 2 9 ©T«E*fc»tt 

e>*5E««ft¥ir s> ^ 3 0 £ ±{Blfg&afc 3 1 fc 

**«KttTflJEtt«S2 4 £_L{H!ISa&lKffi3 1 icfgfc 
«#*tf41-$E» = */P;6SJ|&£<*axT*5!>, Eft^y 

KtLTOiWtia^y K2 9**fl*/fc$jxT^.S. 

[0 0 4 1 ] 0 2 iCWft^L/c^-zV KSGMR^y 

[0 0 4 2] -*-4*>*>. *i*TfflS£«£t¥*y:/l 3 
RRl 4fc«l*i-5*R£i(Bft;*^y*ifc$TfifcRi- 

Rl8*T«rBfc*U ^f^/^yGMR-KHtflllS 



(7) mm¥ 10-124823' 
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at. 

[ 0 0 4 3] 7f^>yGMRK 1 4 d 7 f 

^GMRRl 4©ff4h7y^©KttS5#ttl8B£fc-af 
©$W?K&R2 0*S AtfM 2 1 flpfc^y^tfeOfK* 

[0 0 4 4 ] fcV>T\ RffattR2 0*5J:tftt«2 1 © 

5 «JfateH2 0:fcJ: 

tf*«2 1 ©TflBfcri, ^f^/U^GMRRl 4 
lfii-$ate£JiR¥©*«R36S#ft+3. -©& v _bffiS 
S4«^t"^2 3*5J;t^Ji«iaSE^-/uKJg2 4 Sr 
J#JS£-f SCifa?, >u KSGMR^yK2 5 

[ 0 0 4 5] $ hKL. ^KiGMR^y K 2 5 ±(C 
E&^y Kt LT©&Ra$i^s/ K2 9 «rjg|$bfcft. 

^-7g^©8M*;&DX. ^y Wl//</VT y-Kls 

[0 0 4 6] ±i£LfcHife^«g£OGMR^y K2 5 Kfc 
fc*>*>J&2©3ftttteRl 8«r#££-£TV*5. ~©7t 

RR1 4 .fc£ffittfcffll!H-5;:ijfe<!Sl6T?#5. ^e© 
**R©-SBtW«8B^«t»^KaUfc«3S3fl5* 

[ 0 0 4 7 ] »2C, 4>fc< Hffi{fc7y-irfe5^ 
.20»«ttR180*^yfi'milJ:v^Jti, a. 

40 W^GMRRl 4 ©7 1 — x<^^^>^td^ 9 • , ? 3 i-V^© 

ri 8 rri-T"— ^asjiiftfc^s. ^^A?f 

[0 0 4 8 ] SS4I^ V M^il?fciil©^«jtK 
1 6©$g^^SSr^^attR2 0 t^tt^*^^ t<e 
<. ®2©MttRl 8K»LT«Sr«ttR2 0^P»/< 

50 ^-tfvy^r X©5li^JiriaLfc±r* «fT«ttR2 0*» 
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ffi 2 0 ftKE^T U* WH*5@» 

-e#5„ #i ©ssateKi 6 ©ant* fa ii**^'*^ 

[ 0 0 4 9 ] IO^*©GMR^yK2 5tf 4 *7 
*©W«4:^i-5-i:^5>. S /Nit.JO ft 

Riigi 4«rs»«ttKi 5, ssi©a«ttRi 6, 

e>^^«rit-Ctt. I r Mn^F eMn££«© 
&JR3S<OR3fca&Bl 5 SrHifcjav^ ©»«tt 

£&«attR16© fcct8©3fcJ£tt&3S 
ftftK 1 5 OT»K 3 2 featJ 5 C i * 
K32iL"Ctt, Ta» Zr. Nb, Hf^££V v Tt> 
J: ^£5. fcc^^^i-oN i F N i F e 3' 

(X : C r . N b . Ta, Zr, HI, W, Mo, 
V, Ti, Rh, Ir. Cu.Au, Ag.Mr, R 
e, R u4»P»»liH5^<t< t t l«©7G*f) , CuN 

[0052] JiiaufcT*K3 

r Mna&£»fefc5R3»»ttlRl 5<DKfftt 3-30nm@ 

*8#j&sfce>*i.i\ SfcrnSUiff^&EaattRl 5 

~.©-fc>*S$ft©#Sft#m;*:LT. SKSEftl^^fiTi- 

[ 0 0 5 3] 1 5 K I rMn^^^F eMn 

^A*©gitBtt^«:fflv>5»'&-fcriH 5 ic^-rm 2 ©£ 

^0j©.fc?K. ^ fW^^GMRR 1 4 ©f?£ h 7 y 
? ©Mfc8&^ffi!lSI#££&a&R 1 5©'>/i< 1 t-» 



8 ) SwiVi 0- 1 2 4 8 2 3 , 
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attR l 5 icife-c^i-^^^fcifeL-c^ sgBR 
tfSffci-sss-tft^fc^fc** ge£LT3*«R«rJfci-£ 

fc*ST*%5. ftoT* SH«14K2 0 £-&tf£«2 1 t 

[ 0 0 5 4] Ra«ttR i 5 (c*fegti4©N i 

SrJH ir.fi, 0 1 Jesuit* 5 fc* @?Ha&R2 

10 £ 1 ©BHBttR 1 6*S£tf#8ttRl 7©W*. *> 

ft«tttK2 0 t^SS2 1 i^tf^^GMRRl 
[0 0 5 5] *fc< BStSlfti^C, 53itiCoP 

fc* #3 l~-20nmg£©C r , V. CrV^, FeC 

20 [0 0 5G3 1 5 fcaMbH*8-?*>5S5l0> 

1 6 R»8ttRl 5A^3R1© 

fciW ->4attRfc LTii*' W;itfS3ft»i£R 

1 5 & F e M n 1 ©BUKttR 1 E#CoFe 

£&T l fcS$^l-SiC u F e P d^4?3SS^-rf 
m I ©3£8teR 1 6 2 ©&SK&R 18CCoFe^ 

o F e BWOC o*^A«rfflV-'5a-&lwtt. 
^mSIl 5t©ratCMx« 0.5- 3iim|ia©»$0 

[0 0 5 7] ^xtf@6ic^1-m3©£?##£> 

N i i 3ft fcSJPS 0.5- 5nin@S©att 

cDffllcfi£«t^<y irJB 3 5 tsm-c t>±v^ JEtfc^^rS 
3 5timi©3fi«ttBSl 7©K^S^« 

attii 3 4 ^^^ifeiTiSKLta, wiii^y 

- 300#g£) IT. 8i4g3 4 O&Bi 
50 U, ^©^^JKUT ^a:v^ e 
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[0058] ^*5. <Dmm&mi 6^2 (D&m& 

f&l 8 tCN i F e-&&^«N i £ £ < £JB w 

7 K C u S-ffl^SS^Kf}. #*8t4Rl 
7 i:gi-5#StC^;tti .]. 5nm£tTg&©«i^C o * 
TtttC o^£&R£^A^3 r b&ft* Lv^ dixie «fc 
!K NitCu £©R8©£&£KC- £#r%. ffi£t£ 

1 0 0 5 9] %2 <D&m&m 1 8_h£fi. 0 5 tc^ Ufc 

J: #5?£;£cr«ciSttTf ;* H3 fi#?gj££*t,. 

K^3 6.[£&-f l^&ffrttfcV-,, CoF e-£&^ 
©Co ^^fc/flV^ig-g-lCli- NiFfe N i F 

eX (X :Cr, Nb, Ta, Z r . H f . W. M o . 
V , T i, R h . I r Cu, A -j. . A g „ M n . R 
e 4 R ud»^>ai!tfix'5i>i< t fc.l»0>5c*) £<£0£« 
S££i^fiatt'fr&. CoZrNbl, CoFeReSR, C 
oFeAlOI^OT^V??^^^, FeZr 
N. C o F e T a N $?C0gffc&&&£&. C o NbC-,. 
FeTaV^O^ffcM^^ fcS V.^tt r-.tt b©HJi 

[ 0 0 6 0] hJK3 6 liC o 

tt«ttT->^ MR 3 G Kr±. -fcv*^ 

1 0 0 6 1 j ®®&&R2 oi«S2-i o^tttsBu 
r. #utf£*Tic^-r«t ?4»^icri-^©wjrattH 

2 0©fl8B5£-*t©S£ 2 1 cD/Bmttfc&.t^-grf 
&&2 0*Jii;Sft2 1 £J£j£LTf&i&U d«DW;?* 

laDxy^^tmtfcs, c©&. ±iBLfcra 

ffi&\Z&ft$i V yv ;it/£5 0 

[ 0 0 6 2 ] -^tO®S»M2 0 (ORBPSi 9 t> 

Sffi 2 1 £Dffi|g£l£< L-C, V^yl'^'GMRJSl 4 
£&r-fi#®a&R2 0 $rS«©-$St Lr*tl# + 5£ 
t t)T*5. tfixfi. ^WBSSK2 0 i££2 1 cDj£f£ 
&#fgUr?T? r t fcj; oX. K 7 t'^-f <£ 7 Id. -» 
»^SZ 1 ©ffifB£-*f©$HflSt£K2 0©reS5J: 9 h 
E<b"C, — j^O««2 1 tfiE#S*I^B36»e>»iI**r 

[ 0 0 6 3] Z<OX 5ttmj3L\z£titi* mffi2 1 
.^Affia i bSiBUfcfijSfcjBrit3iLr^5--fcii>, * f v 
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IgfciffgSffi2 1 asBBSJxaw £#fcv^ Cu-^Au 

tci9®«2 1©&#*Hp]® (ABS) flHOJgfcjPJKa* 
oX, SHV-/VKI12, 2 4 £ cDifeS*&£3l£jg 
^-r$©*ti*lt«r(eiai-3::£*sr*£5. 
^f>WGMRRl 4 jttSTI4RftttttR2 0"a*S 
«t>£fr£©r. ®JIfiSt£R2 0©&ia£fS;fjTtf3*: 

0©K^tt40- 100nmS«;Pa* LV^ fcfci'. 
10 ^2©a^M^mU^GMR^y KOH* 

*^»fc»MbrfltS»«®«5i^y K«r*ri6i-3» 
[0 0 6 4 ] 08 l:$S3?.-/TtGMR^y KKis^r. 
JB(-ai?ntTiK3 2. -R»«ttKi : 5-, float 

20 fiSttKi 6. ^att^i 7-v-sg2©3»«ttKi a, «ca 
tt7->^hsi3 6*5itf«aRi 9 ^^i-satt^iJK 

2. hK3 6. ffiSRl 9^tt^5?lc^C 

[ 0 0 6 5] ^O^IjMl^ttOGMR^y KK*SVr. |g 
203SfflE^Kl 8nmft&&m (S4h7?;) t'tB^ 

-rsss^oHff t i mjt^r. K7 y ^©^ss?b^ 
WfiU^oKfltt 2 ^#<KS$ixrv*s 0 

30 f*^-R3 7 tt. »2©38«tt«tl SORff t 2 CDgiS^. 

SttRl 8 fi&#ffe£ii Steffi S-ratt^o jgj?: t licit 

i? t 2 ^»<K3£*Hrv^5. Sft 2 1 ti^T;*JB# 
f+^-JK3 7±KffiS|gjSE*Hrv^S. 

[0066] mtyy-mz%2(?>mm&m \ 8t«t«Bt 

»SR©»$«r^>f r^«||L^K& 7<DTWfc*>fc3 
SB5Xclt^rli < 5 J: ? f' ur t> <t v\ ^js. xtr^ 

^/l'T'GMRRl 4 ^^©^^fctCoV^r li. UliiELfc^ 
[0 0 6 7] ;(0HISM©GMR^7KT*fJ, S4h 

5 y ? <Dffi<&$mMi$#*m<ty y -1x^5^2 <om 

LXtiv\ 

50 [ 0 0 6 8) 7*ttfftt4R3 7 KHU 0iA.tfN i 
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M n FeMn^, 1 rMn#&, PdPtMn 

RhMn^l RuMn-£-&\ PtMn^, C 
rMn P t ©*£«&£#-*-* 5 &a&R. fc*^ 

ttcopt ©&«&£;£ 1-5 is Ka&R#fflv^ 

6 i£&ffi&&2 7 £©«SgR2 8£. ^X*a#tt 

10 0 6 9] /U7^^^K3 7k:K&tt&R&3 
fflt5<8^, *©RJ?tt 3'~70na£ "t~3 ^. h J&Sjfiff ifc L 
1^. J: -5 ^ttfttCttN i Mn ^©S^K f£25nm&U: £ 
-ffc^iri^ F eMn£-&©*£"ECtt 5nmE*_t, 1 rM 
n 3nm£Xji. P d P t Mn^(D|^|E 

tt 5nm£i±t1-5^ UfcSft^-f X * & # 5 

[007C] @9t'I rMn^HlC'io 

fc£*>«^r**:©Hff«:3F-tvB9A>&* attR©J? 

xjK^^^R3 7 <b LT©£&attK©T^£#£-*-£ 
Uityv-M. -J-fcfc*>JS2©»attRi 8fc5v^riW 
2©&a&Rl 8i«»tt7^ hR3 6 &<Z>»J»R<Z> 

actiaot, t ******* ^ 

So 

[0 0 7 1 ] AfrWKtt. /M7^M3 7 * U 

g«tt4ii#»4Uv\ *©*£*. JSE#j)»fc©m^ 
)K|iia5S3iIttK ( 3 7) .ET©«^aEfls«r«to* 

tc-r^w t3P-ct> s^7y ^^o^ttsrsem-rs-i" 

1 0 0 7 2] T *a#tt-£R 3 7 t LT RBtattR 

5^iitt«ttr^^ bR3 g t ©rater*, #^*5a*i 
nb©*ffi©&a&R**:tt£&a&R£^A-f*;i t 
Sft^77oafft**$*5±T34U^. «■ 
xtf. SS2©3feat4Rl BCCoFe^?:!^, 
/M7 7«##4R3 7 £ UT(DS5feattR(-F e Mn 
£-&£;8^5iB£lefi, C o F e £P d*©**P5E3Rfr 

[ 0 0 7 3] 7^ffi##^R3 7 fc8Bt«tt 

RSrSffii- $ga&R t *©TWlc#ft-r 

aaft^y-s (i 2oa«ttRi8 l a>a^r*»2© 

BHBttRl 8 tttattTf* hR 3 6 4:©fflSR) t4r 

t) ) as, affattR©T«KU?«E+aaflG:7 y-^© 



(10) ^W^- i 0 - 1 2 4 8 2 3 , 
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fc7y-8©»&WRff*sffi»WK:«;*1-Si:, aft? 
y -JB*»t>©EfE;iK:J: 9«R«t4R©aft;#*£J£fls 
(£ff«K:ri«a#©ffiT) U ®?ta&Rt ©£&& 

*T*fc$„ fv^^it, /^7^«ffft4R3 7tL 
T©«H«ttR©T«K^«i-<5«fl:7 y -1©R#& 

/<>f T*a#W«3 7 #»mftK2 6 fc£3ft 
10 a&R? 7 fc©8SJBH2 8 *»EI«-C*>5. 

[0 0 7 4] 7^«^W4R3 7tttC 

oPt^ (M r -IT) .frJBVV ^oS2©»ai4Rl 
8HTCcFe^ (Mr=1.8T) «rffl^fc»'&«:W 
(Ct5t. C o P t •&&R©R^#18nnu CoFeM 
R©RJ£#10nm©$gf?KlttM r X t OflffiSP5*«ffP) — 
t 45. CoPt ^J§RT?£^^*K^15C0Oe ffCoFe 
.-S-^tRtJKJi-r^i t klJt 5 700Oe i Jfi l/2K*T-ffi 
Ti"5*^ CoFe^RCRf^MiX t=2t^i 4 
nmt+at (C o P t flfttlSItt) v CoFe^Rifll 
20 Ji U7>».-g-O««Attl050Oe T-£>5 . «a^jOfl£Ttt 

HU 0 3 IJivtftJ:")l:, K»8ttRf:»attRt o« 
SRfcflv^Tfc J:v^ 
I G 0 7 5] /V7^i^4R3 7 i LT«*t«&H 
Srfflv>5»^-. ^2«ttRl 82>b©^f**>-r 
/fc-»fcttSJS£fc:± 9 C o^$Wa&R© ctt*s£S£ 
E^IfcfcEfl ULtK «H«ttR©«aA^fiT-t- 

7^m^R3 7 t ur©«frattRt ©ipiWKRflt 

afeH©fib«^©«T«r*PiW**-Si t^»*UV^ r© 
^fi#ix.FiRJ?t 5n«S«©C rRTJ)5 6 :CCrRO 

©_h© 3n»Sitn*SM.ift5. 
[ 0 0 7 6 ] ±aELfcSS2©HlfeJB!8©GMR^s> Kfc 

y^yR-e^Stiotv^/^ r^aim-s-R©^ 
^-^>-^tcS< ew</i-:/R©Tifi^E©SL*T,$:B5 

[0 0 7 7 ] S^b7y^©^JSSP^M^^l-fe 

tt53?*^^®^©a{b7 y-M©R#£aimtti2isj: 
n^<tsri:tj:ot, RsaattR^btts^-f r 
^aflsf*4-R-er±^*^>f r^^j©**^, ^Ha^R 
a> h 4 5 -< r ^ aftft 4R -e ti««^7 © *i>c * 5 ^ t- 
n. ?fot, + 5 h ^ y ^ig^T©a^7 y- 
Ji©aftH«*5J:9 3em{k*^ w^^y^x 

^aff©^^Ki*5v^T a<bB*Si:©-(ffffi» ) !cKai 
so T©^«^4v^fc*tc. «frattR*»t)©«aa#t j: 
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y> m<t m * m © mit% ft # si $ n * t v > o fc mm m v> 

[ 0 0 7 8] #3£9!©SS 3 ©aft«£a£tr;£?B^ £ 

SffltfcGMR^*/ KOH*«ftttov^, @10£# 

[0 0 7 9 J Bi O fcg^^tGMR^i' KK^5V^ 

«««*»bHlc«JB§iLfc'R&8Mt&l 5.--SS-1 
©&a&Rl 6. #«ttRl 7 , »ZO»«ttRl'8J3 
ii;«9ffil 9 fctfi*3«l£#JiRt-- X 9*ji$*vtv^ 

[ 0 0 8 0 ] ^IfK/^GMRRl 4 J:©a#&£HS5 
(Mh7«/^) ^^ttfcW^Wfcl^fcfc^T,- IS 2 
©&a&Rl 8 J:Ktt--ait©>*>f 7*«ffW-*-R3 7i 

3 7KWu £&attRl Sfctt^ny^j/^ififlrasji* 

S£^7y*©PStt»*«&*>£l&2©a«ttRl 8© 
— gp-it^aiy f-^^L. ©&##&£> Lfc^fcX-r 7 
7S|t^lS3 7<OTJ6R* U*CSII 2 ©BHKteRl 8 t 
ja-©3ftateR«rJBj*LTfcJ:to. 
[0 0 8 1 ] ® 2©&ai«l 8.©K#tt~6«fSEL-fc3B 
2Wl|jfe^®i:^«t-, 7*«#tt4.R3.7**b© 

£i-$ci##*Lv\, gfrm^tx^ m2©&a«Ri 

✓<>f 7 R 3 7 t LT©^&ai4R©R^t£-o 

[0 0 8 2] * f y/^GMRRl 4toJ:t;^7^ 
amR3 7±Hti, T i #J&»bfe6»fiSi:«RR3 
8 #J#j&£ftT^3. &&£L«aR3 8±tctt, — #© 

nm2 l^sftxv^. -^os«2 i©ras5ra:. 

-^f©/W77ffi^4K3 7©fJ9flS£?>3fe<ft3.fc9 

[0 0 8 3 ] -^OSS 2 1 ©Wffifc-ttO/^T^a 
mS3 7©R9Ri£*)&< Lfc»£\ -*f©m&2 1 



(11) 10-124823 • 
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B$lcm*$2 1 fcj*RU ;*it>^!)7ht7/^- = > 

7 2 1 ©raWtilitfSf L< 45. Jii£Ufc 

SB3©SI*mttOGMR^!/ KKjsv^TIl, Bft^y- 

o-cv^/M7^m4R^^-->'^^< *r 
l/^/v^ROTttwaft&K'Cw 5„ SbC, 

10 Si2 1 &^7--y^t5S©^^^;i/7'GMRR 

[0 0 8 4 ] aft:?y-J§T-fc5m2©§£a&R 
1 8 0RJ9*»<n^ i laot, R3ft«ttR"**e>* 
5 >i' 7 7.«fttt^R3 7^ © 3E» 'M- 7 * J* * 

H^rt^n. ^ox, aft? y-saaffca 5 * 

20 S&J&sHS'-Ct 5. 

[ 0 0 .8 5] '^ jo, iaUfc*3SM^ffiT'H:3MS|fJ©a 

afta-!? ftEflfc^y KtS4^*y KmtSftS- 

©a^ffi^*5t?^nSM^|gT'S>5o 

[0 0'8&] jfet; #»W©«&«#aSi** : ?-«:tt55£ 

KSft*>*e y {MR am) '#©a&iffi«j£iiKK:s;B 

[ 0 0 8 7] Bl-1 ti&*a«»fit3** (GMR) Sr?U 

Bfc^fMR-AM4 0fi, tf^Sfc^S i Sl£f©5 
£41 ±£-Jgj£*Jl>fc;* tTl'/*A';/GMRR4 2 Sr^U 

/M7«^K4 3&^U^5 0 ^^^7*G 
40 MRR4 2 i:^7^8mH4 3 t©«iflia« 
f±* ®2 % B3, -85, B6 t B 8 ^ 0 9 ^tc?F UfcflS 

[0 0 8 8 ] ?fy/^7'GMRR4 2©_hgB(cri. Jft 

;* fy/W7 - GMRK4 2©Po$8£BKtiu — *f© 

K^wuaffi4 6assifte>nTfcD, c©-^r©gs^ffi 

USffi4 6A^^t'y/^7*GMRR4 2\C±y*&ffi 
&&&£tiZ>. **5, 4 7tigS*mi,*i#)£t£T-fc 

50 I 0 0 8 9 ] _hftibfcMR AM4 0 tcisrt 5^#©S^ 
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^^XX^m^tiiVn, $1 x. ti&> TO & ? L T fx t>f\* 

"1" "0" Mt5^i:t5; itcfc DtT 

[ 0 0 9 0 ] fEtftWWwK^WLH:. ifc*HJ bS*4 6 
A>t>-tV^**fr*Lfc*tlB-C. £#&*&«4 5 1CIE 
£tD^W*«S££$ftL. *<D£ifta#ty «fc Oate? !>'-■ 

"or t u-cfdtft * nfcartte^g s o. ©arts;* 
/jw^waots a4hB#£© *\ i " * 

1 0 0 9 1 ) MR AM 4 0 \C ^ 5 *<4 T *a#tt^-R 

t £©ait7 y -Jf co«{fc£fc#£t5fi*#9*# 

te^etf*?^ CASH'S t>©T?«> 3. 

3^R-0, XK#5Sa#©i(J*«rSHl!W- 

fcft, MR AM 4 0 ttjaSft8lfc«rl6S'5ri& t**~S t>®*C 
[ 0 0 9 2] 

X«r$mHLfc_hT. 88iigft©ffiig. *ft»*ft©ai*!L 

7fca«ifttf»***«:^fc:**W©aSi^5> h\ « 
&Ett«£^y Kte*tfaftE1ftKBfc*ti,ri, 

[BiE©ffl¥fcRH] 

[gl] ©aUfigLSajftSfC^SrS*** 

auc^Lfcss^msia^^ vv-mfaizmomm. 

[0 2] 0 1 KiF-f-ftfSSNBSiltt^ * K©ggfn?«fe 
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[S3] 0 2tc^i-ffi5mft&:£5S^(O35 1 ©«3g« 
[0 4 ] Bl K^i-ftSaKSiaa^s' K©S*&-C* 

[0 5] ®2K*i-m*&&.%}mm?<om2o&mm 

[0 6] . B2£^a5m&»**^©»3©£#« 

io=_ i's.7] ■ ■ : a,2 te^asMafts***?-©^ ©£#« 

[08] 2 ©aatt&»***«raffiLfc 

©HJ t^tft/wr'^ t ©BB«o-««:**rB-caE)5. 
ib i o ] <vm 3 ©asthma** *«ra/a l 

20 is 1 1 ] *»w©a*fi#3&&*?-«rBJB L^am 

ffitft»ttO-|IJI?»««i*W*a«:*i-BfffiBT?fc5. 

[012] tt*©aft«SESft*^3' K©-«lfi«t* 
f WriBBtf*>5. 

[#-£©tt!fl] 

1 1 ; £« 

1 2\ 2 4 a^->-> Kg 

1 3 J 2 3 - -: -S£a$5¥-v 
; 1 4 v s "-a!iSt»tt»*K .(GMRK) ., . 
1 S"-"-R3»attfe : -: ■ ■ ," . .'. 

30 '; i .ff.v-v-»i.«>a«ttR- . 

l;7'^-^aitR,'" ' 



1 8 - 




2 0 •» 


■— #©«Stai4R 


2 1 - 




2 2 «• 


-GMR?f£*iP 


2 5 - 




2 9- 




3 0- 


-Efta*=¥*y:/ 


3 1 - 


-mm 


40 3 7 - 


— #©'«*< r*a###R 


4 0- 


-MR AM 


4 2- 


fy^GMRI 


4 3- 


•••/<-< r*a#tt^R 


4 5- 




4 6 ■•• 


■■-^oBt^iiiLas 



(13) 



1 0- 1 2 4 8 2 3 




[@6] 



(14) 



#§B¥ 10-12482 



[@7J [@8l 




400 1 — I 1 1 I 

1.6 2.0 22 2.4 2.8 2.8 



FILM THICKNESS OF CoFe MAGNETIC RLM{nm) 

mi 1} my 2} 




